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ﬁ S R Supersonic l—aminar Flow Control

SLFC Mission Statement

Develop and validate technologies for
Supersonic Laminar Fiow Control (SLFC)
and perform the SLFC aerodynamic design
for the HSCT with an assessment of the
net benefit and risks.

HSR Sueerric Lamivar Fiow Gono

SLFC Benefits




HLFC Application to HSCT

20% NLF on
empennage

il -aninartow with suZticn
7 Nawsal laminar tlow

M=24
Ramge - 5,000 nmi

. 2 Ngefs s 247
Suction over 14% of SW assengels s oo

Laminar aver 40% of SW

\upper and lower suriace} —_ 1080-860

Aerodynamic Benefit: 8 to 10% Increase in Cruise LD

Implementation Penalties: Systems and Structural Weight Increment,
Fuel Displacement, TSFC, Suction Air
Momentum Drag

Performance Benefits: AMTOW=-6 to -8%, ABlock Fuel=-10 to -12%
AEngine Airﬂow-s to-12%. '

Thermal Benefits: Reduced Skin Temperatﬁres
- Reduced Fuel Heating rate
- Increased Materials Options

Benefits wouid be larger for a heavier/longer-range configuration and for HLFC
scheme with wall cooling

_i S R Supersonic Laminar Flow Control

Benefits of SLFC

* 8% increase in cruise L/D (9.3=>10)
*11% reduction in fuel burn (390,000lbs=>347,100Ibs)
*7% reduction in MTOW (740,000lbs=>688,200lbs)

*50-100 degree(F) reduction in local skin temperatures
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Laminar and Turbulent Surface Temperatures

Laminar

HSR Suesonc

Material

——aminar F!ow Contrnl

L-Laminar (M=2.4)
T-Turbuient (M=2.4)

a TPPolyimide
n BMI

= Epoxy

= Titanium

a Aluminum

200

400

600 800 Temp, F
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SLFC Major Issues

BL Suction - Where? How much?
Impact on Inviscid Drag

Weight of Suction System

e Compatible High Lift System

Leading Edge Protection - Insects, Ice
Complexity & Cost of Systems and Structure
Durability & Maintainability

- S R Suercric Lamner Fow Gonro
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SYSTEM H:—:__]‘ BOR  CDR

. STUDIES FUGHT TEST EexL
1 FEASIBI
| BILITY Lmr—pz—mmﬁrﬂ\ FLT TEST

STUDIES
4196 COMPLETE
FY 94 .
POTENTIAL BENEFITS
« 3D Euler inverse Design PCD-1
FROM SLFC VERY HIGH . + 3D BL Stability Ansiysis S
Improved LID  9-11% + Carwtul Selection of S SLFC
Reduced TOGW 8-3% Instromentation PCD-2
Smaller engine  3-12% « Crities) SLFC database i A BASELINE
Less fusi needed 10-14% DECISION
improved economics ~4% 3197
m’-ﬂﬂf mn:- Use Modified F-16XL2  SLEC wing design “-“mh
aT-100"F | | or SLFC Frignt Expts Okt dotvses

suction requirements
= Work on implementation
Issues suspended

* Calibrate existing analysisidesign codes

» improve prediction/design msthods

+ 30 wing design & suction/cooling reqgnms.

« Update integration study

« Deveiop plans lor impe g Tsch Reaal Level

85



86

4.3 AERODYNAMIC PERFORMANCE
4.3.4 Supersonic Laminar Flow Control

1-23-98

FY 1926 1997 1998 1959
Technology Technology
F, rogram Milestones: Concept Configuration
SLFC Flight Test SLFC Baseline
Levek Il Milestones | Complate A Decision
F-16XL-2 SLFC
: F!igm SLEC Tools Dwtwm'& Cau:rluon Complets

| Level il Milestones - SLFC Tollosts SLFC A 0

. SLFC thm Thst Daublu
4.3.4.1 F-16XL-2 Flight Ressarch Phase Compiete’

| 1 ! t
Demo Documentation Compiets (HSR Phase i}

and Coordination

Planning & Coora nation Meeting

Experiment
2\ oo Phase ICotmhul {HSR Phase n , l
4.3.4.2 SLFC Took Ndacor Soce Cabramon Conpis
.3.4. ocls ) i ‘
Development & Cﬂriwon Aoalm FlgT Dmb-'u Complste
Calibration | Atscnnam.ine Tranaton Methodclogy
/N et Tunnel Dats & Anatvem
o
4.3.4.3 SLFC SuctionvCooling Requiremans
Aerodynamic Design
AA Improved Wing Desgn
4.3.4.99 Task Planning

HSR' Spmrenc Luniar Fow Cor

4.3.4.1 F-16XL-2 Flight Test

(Hardware Demonstration)
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AERODYNAMIC AND SUCTION REQUIREMENTS

Attachment Line Suction
Rg=140 (Cq max)
Rg =200 (Cq min)

Suction Downstieam of Attachment Line
CQ max: N<6 (Envelope)
N<4, =90
Cqmin:  N210{x =Constant, {=0)
N2 12 (y = Constant, f = 0)

020 M=18 a=33 2 :
K Determined by . —— Cq Max
340 20 Attachment Line Stabifity ... Cq Min
C
P 0.00 Cq 15 Suction Ramp Determined
4 by Crosstlow Stability
x10 10 . F.equirement
0.10 : Constant
5 Suction
020 Lol 1 S U S Over Rooftop
Y 0 - - -
20 250 300 30 400 480 4 0 1 2 3 4 5 6 7 8
FS, in. S, in.
SISCMER 114

Vi

F-16XL-2 SLFC Flight Experiment
Comparison of Measured and Predicted Surface Pressures
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0.1~ s — TNLS3D Euler 190  3.10
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H S R Supersonic Laminar Flow Control

4.3.4.2 SLFC Tool Development

a. Tool calibration
b. Quiet tunnel database

-i S R Supersonic Laminar Flow Control

Tool Calibration from F-16XL database
Flight Data: Cp, Tw, Suction flute meas.

Dougias Approach

FT2SA BOEING POST-PROCESSOR

similar to FT2SA but no

stooth interpolation to fine grid

Produces smooth CI*, C() dataona
¢ line surface grid

INTWN(G~SE (surface Evler) CDISC+EULER
Inverse design of surface to match
the input CI' at measured locations
with Euler solution at these locations

Edge velocities for BL3D by solving the
surf. Euier equations bascd ou the input
CP and attachment line location

- ——— ] —

INTWNG=INT or BLID interfacc

I'roduces cage velocities for BLID
by Interpointion of Euler velocities
and location of sttachment line using
Euler velocities

Y /

BLID A~

\ EMALIK2D — Correlation with measurement of transition location
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HSR Suversonic Laminar Fiow Gor

Sketch of Attachment-Line Region

DilJA: ®OLL

~— Evverral streorniine
A suriace

HSR' Susersonic Lamner Frow Cono

N-factor Correlation
Parallel Method 2D-Eigenvalue Approach

=
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HSR' Speronic Laminar Fiow Geonr

Constani N-valued Curves for
Transition Correlation
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_ 1400
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?

Embryonic “Next generation” tools

- Saric, et al

- __ linear quasi—paraliel

| e fully nonlinear P
- linear NS N
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H S R Supersonic Laminar Flow Control

Significance of Quiet Tunneis
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_i S H Supersonic Laminar F!ow Control

4.3.4.3 SLFC Aerodynamic Design

- Design wing contour

- Suction & cooling requirements

- Step/gap/waviness requirements

- Compute skin friction reductions

- Calculate BLC suction requirements

_1 S R Supersonic Laminar Flow Control

Summary

SLFC Impact on HSCT: ,
Aerodynamic & Economic Benefits
- Drag reduction, Increased L/D,
- Reduced MTOW, Lower skin temps, etc.

PCD 2:
4.3.4.1 F-16XL-2 SLFC Flight Experiment
4.3.4.2 SLFC Design Tool Methodology
4.3.4.3 SLFC Aerodynamic Design




